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Evaluation of Soybeans in Maturity Groups I-IV for 
Resistance to Heterodera  g lyc ines 1 

GREGORY R .  N O E L  2 AND E .  J. SIKORA s 

Abstract: Forty-seven private  and  public soybean (Glycine max) cultivars in matur i ty  groups  I, II, 
III,  and  IV were  evaluated in the  field for  resis tance to Heterodera glycines race 3 and  race 4 at two 
sites, Ki lbourne  and Urbana ,  Illinois. T h e  soil at Ki lbonrne  was an i r r igated sand infested with race 
3. T h e  soil at Urbana  was a non i r r iga ted  silty clay loam infested with race 4. Yield o f  nematode-  
susceptible controls  was r educed  at bo th  locations, and yield dif ferences  were  observed  a m o n g  the  
o the r  cultivars. Soybeans g rown in sand yielded less than  the  soybean grown in silty clay loam. 
Al though  populat ions  o f  H. glycines r ecove red  at p lant ing were  lower at Ki lbourne  than  at Urbana ,  
a g rea te r  pe rcen tage  o f  loss in yield was associated with the  sand at Ki lbourne.  Several soybean 
cultivars had a h igh  level o f  res is tance to bo th  populat ions  o f  H. glycines. 
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The source of resistance to Heterodera 
glycines Ichinohe from PI 88788 has been 
incorporated into the soybean (Glycine max 
(L.) Merr.) germplasm L77-994 and culti- 
var Fayette (a subline of L77-994)(1). L77- 
994 was released in 1980 and Fayette in 
1981. These two lines are probably the 
source of resistance to H. glycines trans- 
ferred into most of the resistant soybeans 
in maturity groups I-III .  At present, there 
are approximately 90 early-maturing pub- 
lic cultivars and private product lines with 
resistance to the nematode. Some of the 
private product lines are blends which are 
given brand names, but the contents in the 
seed bag may be unknown to the purchaser 
because Illinois seed law does not require 
disclosure. Since Fayette and some other 
public resistant cultivars are not protected 
by the Plant Variety Protection Act, pri- 
vate companies may sell them under their 
own label as a brand with the cultivar not 
stated. The objective of this study was to 
evaluate eight resistant public cultivars and 
35 private product lines in the field against 
H. glycines races 3 and 4. 
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MATERIALS AND M E T H O D S  

Experiments with soybeans in maturity 
groups (MG) I-II ,  III, and IV are estab- 
lished at the University of Illinois, Illinois 
River Valley Sand Field farm near Kil- 
bourne on 28 May 1989 and at the USDA 
nematology research farm at Urbana on 2 
June 1989. Public cultivars Century 84 (MG 
II), Williams 82 (MG III), and Union (MG 
IV) and the private cultivar A3127 (MG 
III) were used as controls susceptible to H. 
glycines. The public cultivars used for re- 
sistant controls were Bell (MG I); CN290 
and Jack (MG II); Cartter, Fayette, and 
Linford (MG III); and Franklin and Pyra- 
mid (MG IV). The  private soybeans tested 
were ST 1350 (MG III), ST 1397 (MG III), 
and ST 1460 (MG IV) from AgriPro Seeds, 
Ames, Iowa; Assure (MG II), Conquest (MG 
III), Spirit (MG III), and Jackson (MG IV) 
from Americana Seeds, Bowen, Illinois; 
A3415 (MG III), A3636 (MG III), and 
A4009 (MG IV) from Asgrow Seed Co., 
Des Moines, Iowa; BT 390c (MG III), BT 
399c (MG III), and BT 440c (MG IV) from 
Bergman-Taylor Seeds, St. Jacob, Illinois; 
8270N (MG II), 1380Nx (MG III), 9320Nx 
(MG III), 1466Nx (MG IV), and 9455Nx 
(MG IV) from Callahan Seeds, Westfield, 
Indiana; G-3407 (MG III) and G-3808 (MG 
III) from Funk, Ciba-Geigy Seed Division, 
Greensboro, North Carolina; HS 3411 (MG 
III) and HS 4011 (MG IV) from Grow- 
mark, Bloomington, Illinois; JMS 3309 
(MG Ill), JMS 3609 (MG III), and JMS 
4100 (MG IV) from JM Schultz Seed Co., 
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Dieter ich,  Illinois; Che rokee  VI (MG II) 
and Madison II (MG III)  f rom Merschman  
Seeds, West Point ,  Iowa; 9402 (MG IV) 
f rom P ionee r  Hi -bred  In terna t ional ,  Tip-  
ton, Indiana;  340 (MG III), 360 (MG III), 
394 (MG III), and 440 (MG IV) f rom Seed- 
ex, Sher iden,  Indiana; and 3012 (MG III), 
3062 (MG III), and 3880 (MG III) f rom 
Stine Seed Farm,  Adel,  Iowa. 

Cyst counts  at p lant ing were  0 - 2 1 / 2 5 0  
cm s soil at Ki lbourne  and 7 - 3 1 / 2 5 0  cm 3 
soil at Urbana .  T h e  soils at Ki lbourne  (se- 
ries Plainfield [mixed,  mesic Typ ic  Udip- 
samments;  surface layer t ex tu re  = sand, 
organic  ma t t e r  = 1%, pH  = 6.5]) and at 
Urbana  (series D r u m m e r  [fine-silty, mixed,  
mesic Typ ic  Haplaquolls;  surface layer tex- 
tu re  = silty clay loam, organic  ma t t e r  = 
6%, p H  = 5.5]) were  main ta ined  at fert i l i ty 
levels r e c o m m e n d e d  by the Universi ty  o f  
Illinois. T h e  field at Ki lbourne  r equ i r ed  an 
applicat ion o f  0-0-60 (N-P-K) fert i l izer at 
168 k g / h a .  A soybean cult ivar trial had 
been  p lan ted  at Ki lbourne  in 1988, and the  
soil was infested with H. glycines race 3. T h e  
site at Urbana ,  p lan ted  with a susceptible 
soybean cult ivar in 1988, was infested with 
H. glycines race 4. Fall tillage was not  done  
at e i ther  site; bo th  sites received min imum 
tillage in the spring. No herbicides were 
applied at Ki lbourne  be fo re  or  at planting,  
whereas  at U r b a n a  meto lach lo r  was pre-  
plant  i nco rpora t ed  at the  ra te  o f  2.78 kg 
a . i . /ha .  Se thoxyd im was appl ied at Kil- 
b o u r n e  on  16 J u n e  at the ra te  o f  0.26 kg 
a . i . /ha ,  and on  16 July  se thoxydim and 
ben tazon  were  appl ied at rates o f  0.32 and 
1.12 kg a . i . /ha ,  respectively,  with 1.17 li- 
ters o f  c rop  oil c o n c e n t r a t e / h a .  Experi-  
ments  at bo th  sites also were cul t ivated for  
weed control .  Depend ing  on  the a m o u n t  
o f  rainfall ,  the  field at Ki lbourne  was 
scheduled to receive 20 mm o f  supplemen-  
tal i r r igat ion every  5 days, bu t  the  irriga- 
t ion system was not  opera t iona l  f r om plant- 
ing (28 May) unti l  13 J u n e  and  f rom 13 
July to 28July .  Rainfall and  i r r igat ion were  
r e c o r d e d  at Ki lbourne .  

Entr ies  within a test (MG) were  a r r anged  
in a r andomized  comple te  block design. 
T h e r e  were  two replicat ions at Ki lbourne  

and th ree  at Urbana.  Each exper imen ta l  
uni t  was four  7-m-long rows on  76-cm cen- 
ters. Seeds were  p lan ted  at the ra te  o f  3 3 /  
m. A two-row combine  was used to harvest  
4.7 m f rom the two cen te r  rows. Because 
o f  p o o r  stands at Ki lbourne ,  only 1.8 m o f  
the two cen te r  rows were  harves ted  f rom 
some plots and  o th e r  plots were  not  har- 
vested. Seeds were  cleaned,  dried,  and 
weighed. Moisture  con ten t  was adjusted to 
14% and yield was de te rmined .  

At  bo th  sites, number s  o f  cysts were  de- 
t e rmined  at p lant ing and numbers  o f  fe- 
males were  d e t e r m i n e d  at 6 weeks af te r  
planting.  T w e n t y  soil cores were  col lected 
with a 2-cm-d soil p robe  in a zig-zag pa t t e rn  
f rom the cen te r  two rows o f  each experi-  
menta l  unit  3 -7  cm f ro m  the base o f  plants 
and to a dep th  o f  10-15  cm. Cysts and 
females were  ex t rac ted  f rom 250-cm ~ ali- 
quants  (2) with nested 850-t~m-pore and 
180-#m-pore sieves and counted  with a dis- 
secting microscope.  Numbers  o f  females 
and a deve lopmenta l  factor  (Df = females 
at 6 weeks/cysts  at planting) were deter-  
mined  for  each line. 

Since many plants in plots p lan ted  with 
resistant cultivars were not  vigorous at Kil- 
bourne ,  plants in b o r d e r  rows of  several 
plots were sampled on 20Ju ly  and the roo t  
systems were placed in a mist ex t rac t ion  
chamber  on  Bae rmann  funnels  for  3 days 
to ex t rac t  Pratylenchus spp. Numbers  o f  
nematodes  per  gram of  dry  roo t  were  de- 
te rmined.  

Because o f  missing values in the  data  
f rom the trials at Ki lbourne,  yield, num-  
bers o f  females, and Df  were  analyzed us- 
ing the P RO C GLM p r o c e d u r e  o f  SAS (5). 
Data ob ta ined  at U rb an a  were  subjected 
to the analysis o f  variance.  Means for  the  
data  ob ta ined  f ro m  bo th  sites were  sepa- 
ra ted  using Fisher 's  p ro tec t ed  least signif- 
icant d i f ference  (FLSD) (P < 0.05) excep t  
for  the MG I - I I  test at Ki lbourne  where  
the data were  insufficient to calculate an 
e r r o r  mean  square for  numbers  o f  females. 
Since those t rea tments  for  which the mean  
n u m b e r  o f  females was 0 would not  con- 
t r ibute  any variability to the data,  those 
data were  not  included in the analysis. T h e  
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data also were transformed using log10 (x 
+ 1) and analyzed, but  separation of  means 
did not differ from that of  nontransformed 
data. 

RESULTS AND DISCUSSION 

Yield of  susceptible controls in each of  
the three tests at both Kilbourne and Ur- 
bana was low, indicating that sufficient 
numbers of  nematodes were present to 
cause crop loss (Table 1). At both locations, 
yields from the MG III test were higher 
than those from the MG I - I I  and MG IV 
tests. The  percentage of  loss in yield was 
greater at Kilbourne than at Urbana,  as 
indicated by comparing the lowest and 
highest yielding entries in each test. In the 
MG I - I I  test at Kilbourne, the yield of  Cen- 
tury 84 was 37% that of  resistant Jack, 
whereas at Urbana the yield of  Century 84 
was 54% that of  8270N. In the MG III test 
at Kilbourne, the yield of  3880 was 22% 
that of  Cartter, and at Urbana the yield of  
Williams 82 was 52% that of  1380Nx. A 
similar trend was observed in the MG IV 
tests. At Kilbourne the yield of  Union was 
32% that o f  A4009, and at Urbana the 
yield of  Union was 59% that of  A4009. 
The  results of  these tests confirm earlier 
observations that loss in yield caused by H. 
glycines is more severe when soybeans are 
planted in lighter textured soil (3,6) and 
damage thresholds are near 0 when the soil 
is a sand (6). 

Several factors confounded the results 
of  these experiments. The  lack of  early sea- 
son rainfall and breakdown of the irriga- 
tion system at Kilbourne resulted in poor  
stands. The  lack of  soybean development 
delayed the initiation of  the weed control 
program which resulted in moderate  weed 
infestation throughout  all three tests dur- 
ing the entire season. The  breakdown of 
the irrigation system during the last 2 weeks 
of  July was not a problem, since approxi- 
mately 80 mm of  rain fell during that pe- 
riod. Numbers  of  Pratylenchus scribneri 
Steiner recovered from plants sampled on 
20July ranged from 0 to 1 ,450/g  dry root, 
but fewer than 100 /g  dry root were re- 
covered from most samples. Some plots 

p robab ly  were  infes ted with sufficient 
numbers of  P. scribneri to reduce yield (4). 
At Urbana, thc experiment was placed in 
the lower area of  the field. There  was some 
Phytophthora root rot, primarily in the MG 
III test. Symptoms indicated that the dis- 
ease was not severe, but  yield of  some lines 
may have been affected. For example, in 
an adjacent test in an area of  the field hav- 
ing bet ter  drainage, Fayette and Williams 
82 yielded 3,095 and 2,104 kg/ha ,  respec- 
tively, compared with 2,445 kg /ha  for Fay- 
ette and 1,747 kg /ha  for Williams 82 in 
this cultivar trial (Table 1). Williams 82 has 
resistance to several races of  Phytophthora 
megasperma Drechs. f. sp. glycinea Kuan and 
Erwin, but Fayette does not. The  MG IV 
soybeans and the later maturing MG III 
lines were injured by an early frost at Ur- 
bana. Although Kilbourne is approximate- 
ly the same latitude as Urbana, soybeans 
ripened earlier and there appeared to be 
no damage due to frost. Many growers pre- 
fer to plant MG IV soybeans on the sandy 
soils typical of  that area of  Illinois. 

The  public cultivars Bell (MG I), Jack 
(MG II), and Cartter, Fayette, and Linford 
(MG III) have PI 88788 as their source of  
resistance to H. glycines. During the devel- 
opment  of  these cultivars, greenhouse and 
field evaluations demonstrated that they 
have a moderate  level of  resistance to both 
races 3 and 4. Numbers  of  females recov- 
ered from these cultivars were approxi- 
mately 15% of  those recovered from sus- 
ceptible controls such as Williams 82. That  
so few females were recovered on these 
cultivars and private product  lines at Kil- 
bourne does not necessarily indicate a high 
level of  resistance to race 3, but rather that 
the females were below the detection level. 
The  public cultivars CN290 and Franklin 
have the cultivar Peking as their source of  
resistance, and Pyramid has resistance from 
both PI 88788 and Peking. In view of  the 
low yields of  CN290 and Franklin at Ur- 
bana, the low number  of  females recovered 
from these cultivars and the low Df values 
were unexpected. 

All of  the private soybeans included in 
the experiments were evaluated because 
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TABLE 1. Yield of  soybeans in maturity groups (MG) I - IV resistant to Heterodera glycines, and populations 
of H. glycines at two sitest in Illinois. 

Kilbourne Urbana 

Females/ Females/ 
Yield 250 cm ~ Yield 250 cm S 

Entry (kg/ha) soil Df~: Entry (kg/ha) soil Df:~ 

Jack 1,353 0 
Bell§ 1,184 < 1 
Cherokee VI 901 0 
8270N 866 < 1 
CN290 767 0 
Assure 582 0 
Century 8411 498 7 

FLSD (P -< 0.05) 372 - - ¶  
CV % 13.6 - -  

Cartter 2,187 0 
1380Nx 1,976 0 
G-3407 1,841 0 
HS 3411 1,782 0 
3062 1,690 0 
BT 390c 1,669 0 
9320Nx 1,645 0 
Linford 1,621 0 
G-3808 1,600 0 
Fayette 1,522 0 
Madison II 1,282 1 
Conquest 1,242 0 
ST 1397 1,236 0 
BT 399c 1,154 0 
A3415 1,139 0 
Spirit 1,122 0 
340 998 5 
JMS 3309 923 0 
JMS 3609 912 0 
360 878 2 
ST 1350 761 6 
A3127 [[ 744 2 
Williams 821[ 667 3 
394 658 4 
A3636 561 2 
3012 528 2 
3880 484 4 

FLSD (P -< 0.05) 708 NS 
CV % 25.7 2.7 

A4009 1,637 0 
Jackson 1,469 0 
Franklin 1,462 0 
9402 1,398 0 
JMS 4100 1,385 0 
HS 4011 1,233 2 
Pyramid 1,114 0 
9455Nx 987 1 
1466Nx 841 2 
BT 440c 701 8 
ST 1460 655 4 

MG I-I I  

0.00 8270N 2,688 1 0.06 
0.03 Cherokee VI 2,551 4 0.30 
0.00 Bell 2,536 0 0.00 
0.03 Assure 2,417 1 0.09 
0.00 Jack 2,340 1 0.05 
0.00 CN290 1,673 8 0.66 
0.78 Century 841[ 1,462 20 1.40 

0.02 268 9 0.58 
1.1 6.72 86.2 74.0 

MG III 

0.00 1380Nx 3,349 < 1 0.02 
0.00 3062 3,239 2 0.11 
0.00 ST 1397 2,969 1 0.10 
0.00 HS 3411 2,946 0 0.00 
0.00 A3415 2,864 1 0.06 
0.00 Conquest 2,846 2 0.14 
0.00 Cartter 2,842 < 1 0.02 
0.00 G-3407 2,839 3 0.24 
0.00 BT 390c 2,804 < 1 0.03 
0.00 G-3808 2,800 2 0.15 
0.14 9320Nx 2,796 2 0.19 
0.00 340 2,793 0 0.00 
0.00 JMS 3309 2,755 1 0.10 
0.00 BT 399c 2,730 0 0.00 
0.00 Linford 2,678 3 0.21 
0.00 Madison II 2,676 2 0.25 
0.36 360 2,652 4 0.24 
0.00 3012 2,466 4 0.27 
0.00 Fayette 2,445 1 0.07 
0.12 Spirit 2,280 1 0.08 
0.41 A3636 2,260 1 0.17 
0.40 JMS 3609 2,243 2 0.19 
0.22 A3127[[ 2,112 14 1.36 
0.41 ST 1350 1,997 15 1.48 
0.23 394 1,840 18 1.31 
0.26 3880 1,838 6 0.44 
0.57 Williams 8211 1,747 20 1.83 

NS 498 6 0.60 
95.1 11.7 78.3 95.2 

MG IV 

0.00 A4009 2,960 3 0.33 
0.00 JMS 4100 2,858 1 0.09 
0.00 Jackson 2,685 0 0.00 
0.00 HS 4011 2,491 0 0.00 
0.00 9402 2,360 1 0.07 
0.22 440 2,255 7 0.55 
0.00 BT 440c 2,238 1 0.12 
0.40 1466Nx 2,059 4 0.23 
0.45 Pyramid 1,847 0 0.00 
0.92 9455Nx 1,837 2 0.16 
0.44 ST 1460 1,751 12 1.28 
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Kilbourne Urbana 

Females/ Females/ 
Yield 250 cm ~ Yield 250 cm ~ 

Entry (kg/ha) soil Df:~ Entry (kg/ha) soil Df:~ 

Union[I 524 0 0.00 Unionl] 1,711 3 0.35 
440 383 5 0.56 Franklin 1,141 1 0.06 

FLSD (P -< 0.05) NS NS NS 357 6 0.48 
CV % 43.2 130.1 96.9 9.5 109.4 124.8 

Data are means of two replications at Kilbourne and three replications at Urbana. When no females were recovered, those 
values (mean = 0) were not included in the analysis of females and Dr. FLSD = Fisher's protected least significant difference. 
NS = no significant (P ~ 0.05) differences among entries. 

"~ Kilbourne and Urbana infested with H. glycines race 3 and 4, respectively. 
:~ Df = females at 6 weeks/cysts at planting. 
§ MG I cultivar. 
[I Heterodera glycines-susceptible control(s) within each maturity group. 
¶ Since the error mean square could not he calculated, data were not analyzed. 

they either were marketed in 1989 or sold 
in 1990 for control of  1-1. glycines. Certain 
private soybeans appeared to have a low 
level of  resistance to the race 3 and race 4 
populations infesting the fields used for 
these experiments. During their develop- 
ment these soybeans may have been eval- 
uated against other  populations of  the 
nematode for which they had a higher level 
of  resistance. Some of  the private soybeans 
had high yields and low numbers of  fe- 
males at both sites. The  high level of  re- 
sistance provided by 1380Nx in the MG 
III test and A4009 and Jackson in the MG 
IV test indicated that they have resistance 
genes from both Peking and PI 88788. At 
least one entry, A3636, is a blend consist- 
ing of  25% A3415. Other  blends may have 
been included in the test, but  that infor- 
mation was not available. 

Our  results may not be applicable in oth- 
er locations, because of  the various envi- 
ronmental factors, races of  H. glycines, and 
population levels of  the nematode that 
might be encountered. In Illinois, many 
county agents of  the Cooperative Exten- 
sion Service conduct soybean trials in their 
counties. Although these trials usually do 

not include analysis of  nematode popula- 
tions, the yield results are meaningful. 
Those local tests, as well as the information 
presented here, should provide informa- 
tion on the expected performance of  pri- 
vate and public soybeans used for manage- 
ment of  H. glycines in the state. 

L I T E R A T U R E  CITED 

1. Bernard ,  R. L., G. R. Noel,  S. C. Anand ,  and J. 
G. Shannon.  1988. R e g i s t r a t i o n o f ' F a y e t t e '  soybean. 
Crop Science 28:1028-1029.  

2. Cobb,  N. A. 1918. Est imat ing the nema  pop-  
ulation o f  soil. U.S. D e p a r t m e n t  o f  Agr icul ture  Tech-  
nology Circular 1. Washington ,  DC: U.S. Govern-  
men t  Pr in t ing  Office. 

3. Koening,  S. R., S. C. Anand ,  a n d J .  A. Wra the r .  
1988. Effect o f  within-field variat ion in soil t ex tu re  
on Heterodera glycines and soybean yield. Journa l  o f  
Nematology 20:373-380.  

4. Lawn, D. A., and G. R. Noel.  1986. Field in- 
terre la t ionships  a m o n g  Heterodera glycines, Pratylen- 
chus scribneri and th ree  o t h e r  nema tode  species asso- 
ciated with soybean.  Journa l  o f  Nemato logy 18:98-  
106. 

5. SAS Insti tute.  1985. SAS user 's  guide: Statis- 
tics, version 5 ed. SAS Inst i tute,  Cary, NC. 

6. Schmit t ,  D. P., H. Ferris ,  and  K. R. Barker.  
1987. Response  o f  soybean toHeteroderaglycines races 
1 and 2 in di f ferent  soil types. Journa l  o f  Nemato logy 
19:240-250.  

I ! l  II • 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print



